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Abstract
This work deals with uncertainty on the estimation of MSY considering the most likely factors to
affect the stocks subject to Fisheries Partnership Agreements. A Management Strategy Evaluation
algoritm was used using three management procedures. The traditional assessment based MSY HCR
with a Btrigger and Ftarget, a catch base HCR that keeps catch at the average levels of a specified
period, and a survey HCR based on the comparison of the average survey observations on a specified
period and historical quantiles. The scenarios simulated try to give insights about factors that could
have an impact on the estimation of MSY and indirectly on catch surplus: underestimation of catches,
quality of the abundance, lag between assessments, distinct assessment models and over-catch. The
results show that all these factors have impact on the estimation of MSY. Catch mis-reporting was
not well captured by this MSE. The link between mis-reporting and implementation error requires
more work. Biased survey indices have a huge impact on the estimation of K and, to a smaller extend,
r. In the case of underestimation these impacts are larger and result in an unrealistic TAC that may
lead to stock collapse. Having assessments at intervals of 3 or 5 years result in delays responding to
increases or decreases in biomass. Using a Fox model has the effect of considering the stock to be
more productive at lower levels of biomass which results in a higher TAC and lower biomasses.
*ernesto.jardim@jrc.ec.europa.eu
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1 Introduction
The MSE runs on a simulation of S.aurita’s stock dynamics and exploitation but it can be adapted to
other datasets. The OM is conditioned using CECAF’s stock assessment results, life history parameters
from Fishbase and a Beverton and Holt S/R. Three management procedures were tested. The usual MSY
HCR, with a Btrigger and a Ftarget, and an additional harvest rate limit maxHR. All is dealt in relative
terms. A catch base HCR that keeps catch at the same level as the average of a specified period. A survey
based HCR that reduces catches by 25% if the average survey observations on a specified period are below
the historical 10% quantile and increases by 10 or 25% if the average survey observations on a specified
period are above the historical 90% quantile. The Observation Error Model (OEM) introduces variability
on the abundance index and bias both on the abundance index and catches. The Implementation Error
Model (IEM) introduces bias on the TAC generating over-catches. The bias on catch, both on the OEM
and IEM must be linked so that catches on the OM are of the same level.
> sessionInfo()
R version 2.14.1 (2011-12-22)
Platform: x86_64-pc-linux-gnu (64-bit)
locale:
[1] LC_CTYPE=en_GB.UTF-8 LC_NUMERIC=C
[3] LC_TIME=en_US.UTF-8 LC_COLLATE=en_GB.UTF-8
[5] LC_MONETARY=en_US.UTF-8 LC_MESSAGES=en_GB.UTF-8
[7] LC_PAPER=C LC_NAME=C
[9] LC_ADDRESS=C LC_TELEPHONE=C
[11] LC_MEASUREMENT=en_US.UTF-8 LC_IDENTIFICATION=C
attached base packages:
[1] splines grid stats graphics grDevices utils datasets
[8] methods base
other attached packages:
[1] Hmisc_3.9-3 survival_2.36-10 xtable_1.7-0 plyr_1.7.1
[5] FLBioDym_0.1.2 FLAdvice_1.0 ggplotFL_0.1 ggplot2_0.9.1
[9] akima_0.5-7 FLash_2.5.0 FLCore_2.5.0 lattice_0.20-0
loaded via a namespace (and not attached):
[1] cluster_1.14.2 colorspace_1.1-1 dichromat_1.2-4 digest_0.5.2
[5] labeling_0.1 MASS_7.3-18 memoise_0.1 munsell_0.3
[9] proto_0.3-9.2 RColorBrewer_1.0-5 reshape2_1.2.1 scales_0.2.1
[13] stats4_2.14.1 stringr_0.6 tools_2.14.1
2 Methods
2.1 Management Strategies Evaluation (MSE)
In the equations that follow, different scenarios can be simulated by varying: the TAC lag λ, yeild
and survey bias parameters γ and δ, survey observation error σ2I , (log scale) recruitment variability σ
2
R
and autocorrelation in recruitment; the u terms induce a uniform 5% error in the bias parameters they
multiply i.e.
ut, u
′
t, u
′′
t ∼ Uniform
(
0.95, 1.05
)
and γut ∼ Uniform
(
0.95γ, 1.05γ
)
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 Operating Model
Nt+1,a+1 = Nta exp(−Zta)
Rt+1 = SRR
(
St
)
et(1 + 0.2pt)
where et ∼ logNormal
(
1, σ2R
)
and SRR = (Beverton & Holt) and pt ∼ Pois(0.05)
Cta =
Fta
Zta
(
1− exp(−Zta)
)
Nta
Yt =
∑
a
CtaWta
St =
∑
a
NtaWtaMatta
Bt =
∑
a
NtaWta
for each age and year: F and Z are fishing and total mortality, N stock numbers, C catch numbers, W
mean weights and Mat maturity; for each year: R is recruits, Y catch yield, S spawning biomass and B
total biomass; while σ2R is the variance about the stock recruit relationship SRR on the log scale.
 Implementation Error Model
Yt =
TACt
btut
bt =

γ if TACt < min(Y )
γ +
TACt −min(Y )
max(Y )−min(Y ) (1− γ) if min(Y ) ≤ TACt ≤ max(Y )
1 if TACt > max(Y )
TAC is the total allowable catch and min(Y ) and max(Y ) are the minimum and maximum observed
catch yeilds.
 Management Procedure
Harvest control rule (HCR) based on a biomass dynamic model (BDM).
TACt+λ1 = HCR
(
Bˆt, Fˆt
∣∣∣Ftrgt, Btrg, HRmax) where λ1 = (2, 3, 5)
(Bˆt, Fˆt) = BDM
(
Yˆt, Iˆt
)
HCR based on average catches.
TACt+λ1 = λ
−1
2
t−1∑
i=t−λ2
Yˆi where λ1 = (2, 3, 5) and λ2 = 5
HCR based on survey trends.
TACt+λ1 = λ
−1
2
t−1∑
i=t−λ2
Yˆiβ where λ1 = (2, 3, 5) and λ2 = 5
β =

1.1 if λ−13
∑t−1
i=t−λ3 Iˆi > Q0.9(Iˆ)
1 if Q0.1(Iˆ) ≤ λ−13
∑t−1
i=t−λ3 Iˆi ≤ Q0.9(Iˆ)
0.75 if Q0.1(Iˆ) > λ
−1
3
∑t−1
i=t−λ3 Iˆi
where Qx(Iˆ) is the quantile of historical survey observations
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 Observation Error Model
Yˆt = Yt × γu′t
Iˆt ∼ logNormal
(
Bt × δu′′t , σ2I
)
2.2 Conditioning the Operating Model
Constructing an Operating Model (OM) for Sardinella involved generating an age-structured population
model that mimicked, as close as possible, the population trajectory estimated by the CECAF stock
assessment, while introducing a more complex structure that allowed a full range of simulations to be
conducted. The model population was generated conditioned on the trends in abundances in the stock
assessment and on the observed catches.
The starting point for this OM was a set of life history relationships that link maximum length to many
other biological parameters (Gislason et al, 2010). These relationships have been implemented in the FLR
software packages (http://flr-project.org) as a function that builds the abundance-by-age structure of a
stock given the life history parameters available, missing ones being substituted by generic relationships.
In the case of S. aurita, the life history values used were as follows
 Maximum age = 8 years
 Linf = 28.5
 Von Bertalanffy growth, with k = 0.4, t = −0.1
 Beverton & Holt stock recruitment relationship, h = 0.8, V B = 1750
A double normal selectivity curve was applied, with full selectivity assumed for all ages.
This initial population, under a level of fishing mortality equal to that estimated by the stock assessment
at the start of the series (HR1989 = 0.39) was then projected at to 2010 with the same catches observed
in the fishery. The CECAF stock assessment is based on a biomass dynamic model that incorporates
environmental covariates affecting both the r and K parameters. Pulses in recruitment were simulated by
introducing an ’environmental’ covariate in the mean level parameter in the Beverton-Holt stock recruit
model. This effectively rescales recruitment in certain years. The rescaling parameters were estimated by
minimising the squared difference between the operating model SSB and the assessment SSB. In order to
simulate this recruitment pattern in projections, the environmental covariate was simulated as a Poisson
process with a rate of 1 event per 10 years to mimic what was observed in the assessment. Each event is
assumed to increase recruitment by a factor of 2 or 4.
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Figure 1: SSB and harvest rate comparison between CECAF results (black) and operating model condi-
tioning (red)
2.3 Management procedures
As specified above, three management procedures were tested. The traditional MSY HCR based on a
Btrigger and a Ftarget. A catch base HCR that keeps catch at the same level as the average of a specified
period. A survey based HCR that reduces catches by 25% if the average survey observations on a specified
period are below the historical 10% quantile and increases by 10% if the average survey observations on
a specified period are above the historical 90% quantile.
2.4 Management Scenarios
The scenarios simulated try to give insights about the doubts raised during the discussion of the factors
that could have an impact on the estimation of MSY and indirectly on catch surplus.
 Underestimation of catches - which is being modelled through the introduction of bias in catches
provided to the assessment model by the OEM. It reflects the situation where company owners
under-report catches to the coastal state.
 Abundance index low quality - which is being modelled trough the introduction of bias and variabil-
ity on the abundance index provided to the assessment model by the OEM. Bias models the effect
of having surveys that don’t cover the full distribution of the stock. A bias smaller than 1 reflects
an underestimation of biomass and vice versa. It’s common to use exploratory fishing surveys,
which will most of the times look for hot spots of abundance and their estimates of abundance will
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most likely biased towards higher than reality abundances. On the other hand mixing surveys from
different periods and carried out with several vessels, will increase the variability of the abundance
index.
 Lag between assessments - is modelled trough the introduction of years without assessment during
which the TAC is kept constant as computed on the last assessment. More sophisticated approaches
could be implemented if time allows. The simulation assumes that lags between assessments are
regular, which is not (always ?) the case. It shouldn’t be difficult to implement irregular assessment
periods, that will reflect a lack of strategy towards management advice.
 Over-catch - it’s implemented with two distinct Implementation Error Models (IEM), a constant
ratio and a ratio that decreases linearly with the increase in TAC. The idea is that over-catch
increases with the decrease in the TAC, which seems more realistic that keeping over-catch with a
constant ratio.
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3 Results
3.1 Management Scenarios
Management scenarios were selected during the meeting in a process of exploration and discussion results
and their relevance for the work being done. The list on Table 1 present the characteristics of the
scenarios simulated. The table presents the scenario name (ref), HCR biomass trigger (Btrig), HCR
fishing mortality target (Ftar), HCR maximum harvest rate (maxHR), year lag on assessment (λ1 in
equations, aLag in table), OEM survey bias (δ in equations, srvBias in table), OEM catch bias (γ in
equations, cthBias in table), survey HCR period for computing average (λ3 in equations, slag in table),
catch HCR period for computing average (λ2 in equations, clag in table) and the type of HCR (am) which
may be bd for biomass dynamic model, srv for survey based and cth for catch based.
ref Btrig Ftar maxHR aLag srvBias cthBias slag clag am
1 base 0.50 0.75 0.35 1.00 1.00 1.00 bd
2 aLag3 0.50 0.75 0.35 3.00 1.00 1.00 bd
3 aLag5 0.50 0.75 0.35 5.00 1.00 1.00 bd
4 cthBias0.5 0.50 0.75 0.35 1.00 1.00 0.50 bd
5 srvBias0.5 0.50 0.75 0.35 1.00 0.50 1.00 bd
6 srvBias1.5 0.50 0.75 0.35 1.00 1.50 1.00 bd
7 srv 1.00 1.00 1.00 5.00 5.00 srv
8 cth 1.00 1.00 1.00 5.00 cth
9 fox 0.50 0.75 0.35 1.00 1.00 1.00 bd
10 cthBias0.8 0.50 0.75 0.35 1.00 1.00 0.80 bd
11 srvBias0.75 5.00 0.75 1.00 5.00 5.00 srv
12 worstCase 0.50 1.00 1.00 5.00 0.50 0.50 bd
Table 1: Management scenarios
3.2 Simulations
The simulations chosen by the group are represented on the Figures 2 to 9. In each figure it’s shown
a comparison with the base scenario which includes the usual stock parameters, F, SSB, catch and
recruitment, as well as the assessment model parameters and the HCR outcomes.
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Figure 2: Base case results
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Figure 4: Underreporting effect, bias=0.5, 0.2
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Figure 5: Survey coverage effect, bias=0.5, 1.5
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Figure 6: Alternative management procedures, survey and mean catch
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Figure 7: Survey coverage effect, bias=0.5, 0.75+higher variability on mean
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Figure 8: Fox vs Schaeffer models
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Figure 9: Worst case scenario
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